Objective: The purposes of this study were to examine the test-retest reliability, concurrent validity, and ecological validity of the Computerized Digit Vigilance Test (C-DVT) in patients with schizophrenia. Method: Each participant was assessed four times, with 1-week intervals. In each assessment, the participants completed both the C-DVT and the original DVT. The participants were also assessed using the Lawton Instrumental Activities of Daily Living Scale (LIADL) and the Personal and Social Performance Scale (PSP). Results: Forty-nine participants were recruited in this study. The results showed that the test-retest agreement of the C-DVT was good-toexcellent (intraclass correlation coefficient = 0.71-0.89). The random measurement errors of the C-DVT were acceptable (percentages of minimal detectable change = 12.9%-24.1%). The practice effect of the C-DVT reached a plateau after three assessments (effect size <0.20). The concurrent validity of the C-DVT was good (r = .75-.79 with DVT) when we controlled for the randomized administration order of the two tests. The ecological validity of the C-DVT was good (r = −.44 with the LIADL; r = −.45 with the PSP). Conclusions: The C-DVT had acceptable test-retest reliability, sound concurrent validity, and sound ecological validity in patients with schizophrenia. These findings indicate that the C-DVT has the potential to be a reliable and valid test of sustained attention in patients with schizophrenia.
Introduction
Sustained attention can be defined as the ability to maintain consistent behavioral performance of a task for a reasonable duration of time (at least 3 min) (Betts, Mckay, Maruff, & Anderson, 2006; Loetscher & Lincoln, 2013; Sohlberg & Mateer, 1987) . Sustained attention is a fundamental cognitive function involved in many daily activities, such as reading, writing, or working for a long time. Sustained attention deficit appears to be a common deficit in patients with schizophrenia (Liu et al., functional outcomes of patients with schizophrenia, the assessment and management of sustained attention deficits are crucial for clinicians in helping patients live independently in the community.
The Digit Vigilance Test (DVT) is an often-used sustained attention test in patient with schizophrenia (Chan, Yip, & Lee, 2004; Depp et al., 2007; Lahiri & Singh, 2016; Raghavan, Shanmugiah, Bharathi, & Jeyaprakash, 2016) . However, a previous study has indicated that the practice effect and random measurement error of the DVT are substantial in patients with schizophrenia (Lee, Li, Liu, & Hsieh, 2011) . These drawbacks can cause inconsistencies in the results of the DVT across repeated assessments (Lee et al., 2011) . The inconsistencies in the results may lead to misinterpretation of the performance changes in sustained attention even when subjects' function of sustained attention may have been stable. To assess sustained attention with a limited practice effect and random measurement error, the Computerized Digit Vigilance Test (C-DVT) was developed based on the DVT (Yang, Lin, Chen, Hsueh, & Hsieh, 2015) .
The proposed C-DVT in the current study incorporated a design for reducing the practice effect: increasing the number of practice trials (Yang et al., 2015) . This design helped subjects become fully familiar with the operation rules and methods of the C-DVT (Yang et al., 2015) before they performed the formal testing. To reduce random measurement error caused by patients' poor visual acuity and visual scanning, the C-DVT adopted a large font size for the stimuli and fewer stimuli (one column of five stimuli) on each page. Because of the aforementioned features of the C-DVT, the C-DVT has the potential to assess sustained attention with a smaller practice effect and smaller random measurement error for patients with schizophrenia.
The sound concurrent validity of the C-DVT has been validated in patients with stroke, which supports the C-DVT as a measure of sustained attention (Yang et al., 2015) . Additionally, the test-retest reliability and ecological validity of the C-DVT are also sufficient in patients (Yang et al., 2015) . However, such positive findings cannot be assumed for patients with schizophrenia because psychometric properties are population dependent (Hambleton, 2000) . Thus, the psychometric properties of the C-DVT in patients with schizophrenia remain unknown. The purposes of this study were to examine the test-retest reliability, concurrent validity, and ecological validity of the C-DVT in patients with schizophrenia.
Methods

Participants
We recruited patients by convenience sampling from two community-based psychiatric rehabilitation day centers affiliated with a medical center in northern Taiwan. Patients were included in this study if they met the following criteria: (1) diagnosis of schizophrenia according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (APA, 2013), (2) age ≥ 20 years, and (3) score of the Mini-Mental Status Examination (MMSE) ≥21 points. The exclusion criteria of this study were patients with (1) diagnosis of other neurological or psychiatric diseases affecting cognition (e.g., stroke or depression), (2) another severe medical condition or psychiatric disorder that required treatment during study, or (3) unstable severity of illness [specifically, the scores of the Clinical Global Impressions Scale-Severity (CGI-S) were different between the first and last assessments of the study]. This study was approved by the Institutional Review Board of the medical center. All participants signed consent forms before participating in this study.
The sample size needed for the test-retest reliability analysis was estimated using power analysis with alpha = 0.05 and power = 0.80 (Doros & Lew, 2010) . In addition, we set the width of the 95% confidence interval of the ICC at ≤0.30 and the ICC of the C-DVT at ≥0.70 (Yang et al., 2015) . The power analysis using the aforementioned parameters showed that the appropriate sample size was 50 participants.
Procedure
This study contained four assessment sessions (referred to as Assessments 1-4) with 1-week intervals between two adjacent sessions. The participants completed both the C-DVT and DVT in all four assessment sessions. The testing order of the C-DVT and DVT was randomized for all participants and every assessment session. Between the administrations of the C-DVT and DVT, the participants rested for 3 min.
We also administered the Lawton Instrumental Activities of Daily Living Scale (LIADL) in Assessment 3, the Personal and Social Performance Scale (PSP) in Assessment 4, and the CGI-S twice, in Assessments 1 and 4. One occupational therapist assessed all participants across four assessment sessions. In addition, we collected the patients' demographic characteristics from chart review. (Yang et al., 2015) : The C-DVT, which is based on the DVT, can be used to assess sustained attention (Yang et al., 2015) . The C-DVT contains 28 trials in a practice session and 120 trials in a formal test. The operation interface of the C-DVT includes a computer screen and an external keyboard with only two buttons [a circle ("O") and an X ("X")]. When performing the C-DVT, subjects have to judge whether the screen displays the digit "6" in a column of 5 digits. If the screen displays the digit "6", subjects should press the button with a circle; otherwise, subjects should press the button with an X. The C-DVT automatically records the total time (in s) needed for completing the test and the number of errors. The total time for completing the C-DVT is used as a primary index for evaluating participants' ability of sustained attention. A shorter time for completing the C-DVT indicates better sustained attention.
Measures C-DVT
DVT (Lewis, 1995) : The DVT is presented as a two-page test sheet containing 59 rows of 35 digits (i.e., 0-9) in a 12-point (pt) font size. To perform the DVT, subjects have to cross out all occurrences of the digit "6" on the test sheets. The rater of the DVT records the total time (in s) needed to complete the test sheet and the number of errors. The total time for completing the DVT is treated as a primary index of sustained attention. In this study, we used the DVT as an external criterion for examining the concurrent validity of the C-DVT.
LIADL (Lawton & Brody, 1969) : The LIADL contains eight items, which assess patients' performance on eight IADL tasks (i.e., using a telephone, shopping, food preparation, housekeeping, laundry, transportation, responsibility for own medications, and ability to handle finances). The LIADL is commonly administered by face-to-face interview, and the items of the LIADL are scored according to whether a participant can independently perform the IADL tasks. The score range of the LIADL is 0-23. A higher score represents better IADL function. We used the LIADL as an external criterion for examining the ecological validity of the C-DVT.
PSP (Morosini, Magliano, Brambilla, Ugolini, & Pioli, 2000) : The PSP measures personal and social function in four subdomains: socially useful activities (e.g., work and study), personal and social relationships, self-care, and disturbing and aggressive behaviors (Morosini et al., 2000) . The PSP is rated through observing a participant's performance on four subdomains. The score of a sub-domain is scored on a 6-point scale (from 1: absent disability to 6: very severe disability). A total score (0-100) is transformed from the scores of the sub-domains. A higher total score represents better personal and social function. We used the PSP as an external criterion for examining the ecological validity of the C-DVT.
CGI-S (Haro et al., 2003) : The CGI-S assesses severity of psychiatric illness on a 7-point scale (1-7). The rating of the CGI-S is based on observed and self-reported symptoms, behavior, and function within 1 week. One point of the CGI-S represents that a patient is not ill, and 7 points represents that a patient is most severely ill. We used the CGI-S for examining whether the illness severity of the participants was stable during the study.
Data Analysis
Test-retest reliability. Test-retest reliability has been defined as the extent to which repeated test scores of patients, who have not changed in the characteristic to be measured, are consistent (Mokkink et al., 2010) . To examine test-retest reliability, we analyzed the test-retest agreement, random measurement error, and practice effect of the C-DVT and DVT in patients with schizophrenia.
To examine test-retest agreement of the C-DVT and DVT, intraclass correlation coefficients (ICCs) (Bartko, 1966) were used for two contexts: the ICC across four repeated assessments and the ICC of two adjacent assessments (i.e., Assessment 1 vs. Assessment 2, Assessment 2 vs. Assessment 3, and Assessment 3 vs. Assessment 4). The purpose of calculating the ICC across four repeated assessments was to indicate the overall test-retest agreement of the C-DVT and DVT. The purpose of calculating the ICC of two adjacent assessments was to indicate the change in test-retest agreement as the number of assessment sessions increased. The ICC was defined as the ratio of between-subject variance to total variance (between-subject variance + within-subject variance), and was calculated based on a two-way random model of analysis of variance (Bartko, 1966 ). An ICC value > 0.80 was considered to indicate excellent test-retest agreement; 0.60-0.79, good agreement; 0.40-0.59, moderate; and <0.40, poor (Bushnell, Johnston, & Goldstein, 2001) .
To visually assess each participant's agreements of the C-DVT and DVT scores, we drew Bland-Altman plots using each participant's mean score of the first two assessments against the difference of scores between the two assessments (Bland & Altman, 1986) . The limits of agreement (LOAs) were calculated to illustrate the width of distribution of the score differences using the following formula: the mean difference between assessments ± 1.96 × standard deviation of the difference between assessments.
We calculated the minimal detectable change (MDC) and MDC percentage (MDC%) to examine the random measurement error of the C-DVT and DVT. The MDC was calculated using the following formula (Haley & Fragala-Pinkham, 2006 The MDC estimated the amount of a score change that could be considered a real change (beyond the score change caused by random measurement error) at the 95% confidence level. The MDC% was calculated by dividing the MDC by the mean scores of two adjacent assessments and then multiplying by 100%. An MDC% below 20% was considered acceptable random measurement error (Huang et al., 2011) .
To examine the practice effects of the C-DVT and DVT, we analyzed the mean differences between each two adjacent assessments using both paired t-test and effect size. The significance level, alpha, of the paired t-test was set at 0.017 (0.05/3 times of comparisons) for reducing Type I errors of multiple comparisons between each two-adjacent assessment of the four assessment sessions. Furthermore, the effect size was calculated by dividing the mean score differences of each two adjacent assessments by the SD of the score differences. An effect size >0.80 was considered to indicate a large practice effect; 0.50-0.79, medium; 0.20-0.49, small; and <0.20, negligible (Cohen, 1988) .
In addition, we examined whether the practice effect had reached a plateau phase by the following two criteria (Chiu et al., 2014) : (1) the effect size of two adjacent assessments was smaller than 0.20 (e.g., whether the effect size between Assessments 2-3 was smaller than 0.20) and (2) the later effect size of two adjacent effect sizes was smaller than the previous practice effect (e.g., whether the effect size of Assessments 2-3 was smaller than that of Assessments 1-2).
Concurrent validity. Concurrent validity can be defined as the extent of correlation between a new or revised test (e.g., the C-DVT) and its original test (e.g., the DVT) (La Porta et al., 2011) . We examined the concurrent validity of the C-DVT by analyzing the levels of correlation between the C-DVT and DVT scores across the four assessment sessions using the Pearson's correlation coefficient (r).
However, the results of the concurrent validity examination might have been attenuated by systematic bias due to the study design (Ibrahim et al., 2015) . We designed the random administration order of the C-DVT and DVT for each participant at each session. Therefore, about half of the participants completed the C-DVT first, and the other half of the participants completed the DVT first. The random administration order of the two tests might have caused systematic bias. For example, because both tests instruct participants to detect the digit "6", participants might have become more familiar with detecting the digit "6" after performing the first test. Thus, the results of the second test might have been improved by the experience of performing the first test (Ibrahim et al., 2015) .
To control for the possible systematic bias so as to examine the concurrent validity, we adopted the methods proposed by Ibrahim and colleagues (2015) . First, we adjusted the scores of the second tests by conducting linear regression models to estimate the amounts of change score caused by systematic bias. Then we used the estimated change score to adjust the scores of the second tests (i.e., the change score was added to the scores of the second test for each participant). Second, we used the raw scores and adjusted scores to analyze the levels of correlation between the C-DVT and DVT across four assessment sessions. An absolute value of r > .75 was considered to indicate high concurrent validity; .40-.74, acceptable; and <.40, poor (Salter et al., 2005) .
Ecological validity. Ecological validity indicates the extent of correlation between a patient's performance on a test and a patient's daily function (Chaytor & Schmitter-Edgecombe, 2003) . In addition, we examined the ecological validity of the C-DVT and DVT by analyzing the levels of correlation between the C-DVT/DVT and both the LIADL and PSP using Pearson's r. The C-DVT/DVT score and the LIADL score (or the PSP score) obtained at the same session were analyzed. That is, the C-DVT/DVT score of Assessment 3 and the LIADL score were used. The C-DVT/DVT scores of Assessment 4 and the PSP score were analyzed. An absolute value of an r > .40 was considered to indicate good ecological validity; <.40, poor (Rempfer, Hamera, Brown, & Cromwell, 2003; Woonings et al., 2003) . The criteria of the ecological validity examination were looser than those of the concurrent validity examination. The reason was that the extent of the correlation between two tests assessing related constructs (examination of the ecological validity), in theory, should be smaller than that between two tests assessing the same constructs (examination of the concurrent validity) (Mokkink et al., 2010) .
Results
During our study, we recruited 74 patients and excluded 24 of them due to inconsistencies in their CGI-S scores (n = 23, range of the CGI-S scores difference = −2, −1, and 1). Among the 51 patients included in this study, two patients were lost to follow-up. Finally, 49 patients completed this study, and their data were analyzed. All the participants were Asians (Taiwanese), and most were females (69.4%) with mild severity (mean score of the CGI-S = 1.4). The number of years after onset was about 19 on average (mean ± SD = 18.9 ± 8.6). Regarding the C-DVT assessments, the completion time of the participants was about 4.8 min on average, and the number of errors was very low (1st-3rd quartile = 0-3) for most of the participants. The average completion time of the DVT was about 8.5 min, and the number of errors was low (1st-3rd quartile = 0-10) for most of the participants. Table 1 shows further characteristics of the participants. Tables 2 and 3 show the results of the test-retest reliability analyses. The ICCs of the C-DVT were larger than 0.70 (ranging from 0.71 to 0.89), and those of the DVT were larger than 0.90 (ranging from 0.95 to 0.96). The Bland-Altman plots of the C-DVT and DVT are presented in Figs. 1 and 2 , respectively. The plots show that the points were generally scattered randomly. The LOAs of the C-DVT were −55.7 and 69.3, and those of the DVT were −139.1 and 139.3.
Test-Retest Reliability
The MDC%s of the C-DVT were smaller than 20% (12.9%-24.1%), except the MDC% between Assessments 1 and 2 (24.1%). However, the MDC%s of the DVT were all larger than 20% (22.2%-29.7%) across Assessments 1 to 4. In addition, the MDCs of the C-DVT ranged from about 0.5 to 1 min, and those of the DVT ranged from about 2 to 2.5 min.
The analyses of the practice effect revealed that the effect sizes of score change in the C-DVT were larger than 0.20 among Assessments 1-3 (effect size = 0.21-0.36), but smaller than 0.20 between Assessments 3 and 4 (effect size = −0.23). Conversely, the effect sizes of score change in the DVT were larger than 0.20 among Assessments 2-4 (effect size = 0.30 to 0.37), but smaller than 0.20 between Assessments 1 and 2 (effect size = 0.00).
Concurrent Validity
The raw scores of the C-DVT were moderately correlated with those of the DVT (r = .53-.64, p < .01). However, high correlations were found between the adjusted scores of the C-DVT and DVT (r = .75-.79, p < .01).
Ecological Validity
The C-DVT scores were moderately correlated with both the LIADL (r = −.44, p < .01) and PSP scores (r = −.45, p < .01). Furthermore, the DVT scores were weakly correlated with the LIADL (r = −.15, p = .31) and PSP scores (r = −.30, p = .03).
Discussion
The analyses of the test-retest agreement in patients with schizophrenia revealed that the ICCs of the C-DVT were higher than 0.75 (0.76-0.87) and that the ICCs of the DVT were higher than 0.90 (0.93-0.95). In addition, the Bland-Altman plots of the C-DVT and DVT showed no obvious systematic trend of bias (i.e., difference of scores) across the mean scores (e.g., the difference increases as the mean scores increases or decrease) (Bland & Altman, 1986) .These results indicate that the testretest agreement of the C-DVT is good-to-excellent, and that of the DVT is excellent, in patients with schizophrenia. The test-retest agreement of the DVT appeared better than that of the C-DVT, possibly due to the DVT's higher ratio of betweensubject variance (which can be represented by the SD 2 of the scores in each assessment) to within-subject variance (which can be represented by the SD 2 of the difference scores between two adjacent assessments) (Lexell & Downham, 2005) . The higher ratio of the DVT (the ratio of the DVT = 9.0-14.1 vs. that of the C-DVT = 2.1-3.9) tends to increase the estimated ICCs and might have caused overestimation of the test-retest agreement of the DVT in this study (Lexell & Downham, 2005) . Because the values of the ICC tend to be influenced by the variance of the test scores, we should interpret the testretest reliability from another reliability examination, including random measurement error and practice effect.
From the analyses of random measurement error, we found that most of the MDC%s of the C-DVT were smaller than 20% in patients with schizophrenia (12.9%-15.9%), except the MDC% between Assessments 1 and 2 (24.1%). However, the MDC%s of the DVT were larger than 20% (22.2%-29.7%) across adjacent assessments. These findings indicate that the C-DVT has acceptable random measurement error in patients with schizophrenia, whereas the random measurement error of the DVT was somewhat larger. Such a difference may be ascribed to the design of the C-DVT, which is intended to help the participants see the stimuli clearly (i.e., the font size of the stimuli in the C-DVT [36 pt] is larger than that in the DVT [12 pt]) (Yang et al., 2015) and requires less visual searching (i.e., the C-DVT presents only one column of 5 digits on each page, whereas the DVT presents 59 rows of 35 digits on each page). Therefore, these designs of the C-DVT may remove potential confounding influences from variability in visual acuity and visual searching skill across the participants. These findings support that those designs of the C-DVT can be helpful in reducing random measurement error. The total percentage was not 100% because some participants' information could not be obtained. Note: C-DVT = Computerized Digit Vigilance Test; DVT = Digit Vigilance Test; SD = standard deviation; CI = confidence interval; ICC = intraclass correlation coefficient (estimation of four assessments). The MDC is a useful indicator for clinicians and researchers in judging whether a participant's change score of repeated measurements is caused by random measurement error (i.e., the change score ≤ MDC) or by a real change in the participant's ability (i.e., the change score > MDC). The MDCs of the C-DVT in patients with schizophrenia were 35.5-68.5 s, and those of the DVT were 110.1-156.0 s. These results indicate that a patient's change score of the C-DVT will only need to be larger than 68.5 s (MDC% = 24.1%), which can be regarded as a real change in sustained attention. In contrast, the change score of the DVT should be larger than 156.0 s (MDC% = 29.7%) for users to interpret that the patient has a real change in sustained attention. Because the C-DVT had smaller MDC% than the DVT, the C-DVT appears to be a more useful test to detect real change in sustained attention in patients with schizophrenia. Therefore, our results show the potential of the C-DVT for use as an outcome measure for examining treatment effects on sustained attention in patients with schizophrenia.
The analyses of the C-DVT's practice effect showed that the effect size of Assessments 3-4 (−0.23) was smaller than 0.20 and smaller than that of Assessments 2-3 (0.36). These findings indicate that the practice effect of the C-DVT scores reached a plateau after three assessments. In contrast, the effect size of the DVT (0.30) was larger than 0.20 even between Assessments 3 and 4, which indicates that the practice effect of the DVT scores did not reach a plateau even after three assessments. The C-DVT scores reaching a plateau earlier than the DVT scores may have been due to two specific design characteristics of the C-DVT: the random presentation of the targets and the large number of practice trials before the formal testing (Yang et al., 2015) . The practice effect of the DVT can cause users to overestimate improvement or underestimate deterioration of sustained attention in patients with schizophrenia. Therefore, the C-DVT appears to be a more suitable measure for repeatedly assessing sustained attention in patients with schizophrenia.
In the examination of the concurrent validity, we found that the extent of the correlation between the adjusted scores (r = .75-.79) of the C-DVT and DVT was higher than that between the raw scores (r = .53-.64). This phenomenon indicates that the raw scores of the two tests might have been affected by the systematic bias of the administration order (Ibrahim et al., 2015) . Therefore, the extent of the correlation between the raw scores of both tests was attenuated by the systematic bias (Ibrahim et al., 2015) . In other words, the concurrent validity may have been underestimated by examination of the correlation between raw scores. On the other hand, the adjusted scores were calculated to control for the systematic bias of the administration order. Thus, the extent of correlation from the adjusted scores may more plausibly represent the concurrent validity of the C-DVT. The high correlations from the adjusted scores support that the concurrent validity of the C-DVT is good in patients with schizophrenia.
The analyses of ecological validity showed that the C-DVT score was moderately correlated with the scores of both the PSP and the LIADL (r = −.43 and −.42, respectively). These results were in agreement with the results of previous studies, which reported the small-to-moderate correlations between sustained attention and both social function (r = .42-.59) (Meyer & Kurtz, 2009; Nienow, Docherty, Cohen, & Dinzeo, 2006; Ohno et al., 2000) and IADL (r = .36-.54) (Evans et al., 2003; Lipskaya et al., 2011) in patients with schizophrenia. In contrast, the DVT score was weakly correlated with both the PSP and the LIADL scores (r = −.30 and −.15, respectively). These findings indicate that the C-DVT has good ecological validity in patients with schizophrenia, but the ecological validity of the DVT was not supported. The difference in the ecological validities of the C-DVT and DVT might have been due to the larger random measurement error of the DVT (Muchinsky, 1996) . The substantial amount of random measurement error of the DVT may have reduced the magnitude of the correlations between the DVT score and either the PSP score or the LIADL score. In contrast, the good ecological validity of the C-DVT may make it more appropriate than the DVT for inferring a patient's social function and IADL function: If a patient with schizophrenia has a better score on the C-DVT, he/she is likely to have better social function and IADL function.
Comparing the completion times of the C-DVT and DVT, we found that the C-DVT required only about half the completion time of the DVT in formal testing (C-DVT: 4.5-4.8 min vs. DVT: 8.1-8.8 min). The results indicate that the efficiency of the C-DVT assessment is better than that of the DVT assessment. Additionally, although the completion time of the C-DVT is shorter than that of the DVT, the completion time of the C-DVT for the participants was longer than 3 min, which is regarded as the minimum time for testing sustained attention. Therefore, the C-DVT can help users reduce the administration time for assessing sustained attention in patients with schizophrenia (Betts et al., 2006; Loetscher & Lincoln, 2013) .
In addition to the completion time, the total error counts of both the C-DVT and the DVT were also recorded. However, we did not analyze the error counts as a measure of the psychometric properties. The reason was that the error counts of both tests were too low (1st-3rd quartiles of the C-DVT and DVT were 0-3 and 0-10, respectively) to be analyzed as continuous scores (e.g., completion times). The low error counts of both tests may suggest that this score cannot differentiate the sustained attention abilities of patients with schizophrenia. For a user of both tests, the error counts could provide information to judge whether the C-DVT or DVT is suitable for a patient (Lewis, 1995) . If a patient has more errors on the tests (e.g., more than 10 errors on the C-DVT), the patient may not have followed the testing rules. In this situation, the assessor could provide further instruction or demonstration of the testing rules for the patient.
Two limitations of this study should be noted. First, the severity of the participants' symptoms might have been unstable during the periods between Assessments 2 and 3, for we assessed the severity of illness (CGI-S) only at Assessments 1 and 4. The unstable symptom severities might have caused underestimation of the test-retest reliability of the C-DVT and the DVT. Second, the demographic homogeneity of our participants may have impeded the generalization of our findings to the general population of schizophrenia. All the participants were Asians, and most had mild severity of illness and a long period after onset. Further studies should recruit patients with different demographic characteristics to cross validate the psychometric properties of the C-DVT.
In conclusion, our results showed that the C-DVT had acceptable test-retest reliability, good concurrent validity, and good ecological validity in patients with schizophrenia. These findings indicate that the C-DVT has the potential to become a reliable and valid test of sustained attention in patients with schizophrenia.
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